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Trips A-16 & B-16
STRATIGRAPHY AND STRUCTURAL SETTING
OF THE NEWBURY VOLCANIC COMPLEX, NORTHEASTERN MASSACHUSETTS
by
Andrew F. Shride 
U.S. Geological Survey 
Denver, Colorado
The Newbury Volcanic Complex of Silurian-Devonian age (Emerson, 1917, 
p. 161-164) is exposed mainly in a northeast-trending, wedge-shaped belt 
(hereafter, for brevity, termed "wedge") in northeastern Essex County. The 
wedge of Newbury rocks, 16 km long and about 3 km wide in easternmost ex­
posures near the coast between Newbury and Rowley, arcs southward and 
pinches out in Topsfield (fig. 1). Six kilometres farther southwest, in 
the northwest corner of the Salem quadrangle, a few small outcrops and 
rubbly exposures of comparable lithology have been confirmed by fossils as 
part of the Newbury (Toulmin, 1964, pi. 1, p. A14-17). The wedge is defined 
on all sides by faults of large displacement; in addition, the wedge is made 
up of two segments separated by a northeast-trending fault (fig. 1). In 
the northern segment strata strike northeast and dip mostly northwest at 
moderate to steep attitudes. In this segment, in which strata are further 
dislocated by lesser crossfaults, exposures are adequate for straightforward 
reconstruction of the stratigraphic sequence. In the southern segment ex­
posures are few, and the makeup and interrelations of members in that part 
can be only roughly defined. Generally, strata of the southern segment 
strike northerly and dip steeply. Strata along the west border of the 
southern segment are comparable to those of the south part of the northern 
segment, thus permitting correlation between the two segments.
Early workers (Clapp, 1921, p. 31) regarded strata of the wedge as 
disposed in a syncline or otherwise broadly folded and miscorrelated iso­
lated outcrops as though the strata were duplicated in folds. Dos Santos 
(1960) seems to have been the first to record that the strata are homo- 
clinally disposed; he also enumerated the stratigraphic succession cited in 
later regional correlations (Boucot, 1968; Gates, 1969). Herein, contrary 
to published descriptions now available, the succession is considered over­
turned to face southeast or east-; moreover, certain exposures cited incon­
sistently in previous reports as parts of various stratigraphic elements are 
recognized here as rhyolitic intrusions, and sedimentary strata previously 
not described are here recognized. Table 1 provides a brief summary of the 
stratigraphic sequence as pieced together during recent detailed mapping. 
More details are given in another paper (Shride, 1976).
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Figure I.— Geologic map of the Newbury Volcanic Complex
292
As redefined, stratigraphic units of the Newbury are in different order 
than the sequence cited for regional correlation by Boucot or Gates. During 
this field trip, some of the outcrops that are critical to this redefinition 
will be viewed and features suggesting a variety of environments of accumula­
tion can be interpreted. Further, the significance of the Newbury Complex in 
the dating of adjacent terranes and in defining some major tectonic events 
will be considered.
The road log is designed, insofar as practical, to view the members of 
the Newbury in sequence from bottom to top. Depending on the weather, the 
level of tidal waters in the salt marshes, and the interests of the partici­
pants, the sequence of stops for the NEIGC trip may be retailored in order 
to provide views of the best outcrops available or a better grasp of details 
of certain of the several kinds of deposits that can be seen. Asides as to 
supplementary localities for viewing are provided in the log; these locali­
ties are referenced to landmarks identified on the current 7 1/2' topographic 
maps of the Georgetown, Ipswich, Newburyport East, and Newburyport West 
quadrangles, enabling the reader to find his own way to additional sites.
The independent user of the log, visiting only Stops 1, 2, 3, 8, 9, and 5 or 
10 can probably accomplish minimal review of the stratigraphy and lithologies 
of the Newbury in about one-half day. PLEASE OBTAIN PERMISSION TO TRESPASS.
REFERENCES CITED
Boucot, A. J., 1968, Silurian and Devonian of the northern Appalachians, Tn 
Zen, E-an, and others, Editors, Studies of Appalachian geology, northern 
and maritime: Interscience Publishers, New York, p. 83-94.
Clapp, C. H., 1921, Geology of the igneous rocks of Essex County, Massachu­
setts: U.S. Geol. Survey Bull. 704, 132 p.
Cuppels, N. P., 1967, Geologic implications of undeformed fossils in the New­
bury Formation of pre-Acadian age in northeastern Massachusetts [abs.]: 
Geol. Soc. America Spec. Paper 115, p. 258.
Emerson, B. K., 1917, Geology of Massachusetts and Rhode Island: U.S. Geol.
Survey Bull. 597, 289 p.
dos Santos, E. R., 1960, The Newbury volcanics: Unpub. M.S. thesis, Massa­
chusetts Inst. Technology, 55 p.
Gates, Olcott, 1969, Lower Silurian-Lower Devonian volcanic rocks of New
England coast and southern New Brunswick, Tn Kay, Marshall, Editor, North 
Atlantic-geology and continental drift, a symposium: Am. Assoc. Petroleum
Geologists Mem. 12, p. 484-503.
Shride, A. F., 1976, Stratigraphy and correlation of the Newbury Volcanic
Complex, northeastern Massachusetts, iui Page, L. R., Editor, Contributions 
to the stratigraphy of New England: Geol. Soc. America Mem. 148. [in
press.]
Toulmin, Priestley, 3d, 1964, Bedrock geology of the Salem quadrangle and 
vicinity, Massachusetts: U.S. Geol. Survey Bull. 1163-A, p. A1-A79.
293
TABLE 1. STRATIGRAPHIC SEQUENCE IN NEWBURY VOLCANIC COMPLEX
 Top defined by faults---
11. MICROGRAPHIC RHYOLITE INTRUSIONS— Podlike bodies of brownish-gray to
orange-pink, aphanitic to sugary-textured massive felsite. Characterized 
by micrographic and spherulitic intergrowths; spherulites visible in some 
outcrops. 100-600 m in thickness and as much as 1,600 m in length
10. CALCAREOUS MUDSTONE MEMBER— Laminated gray limestone and mudstone, very
thinly interbedded. Large ostracodes characteristic. At least 90 m; 
possibly 300+ m in thickness
9. RED MUDSTONE MEMBER— Grayish-red, friable, micaceous sandy mudstone.
Boundaries indeterminate; with (8) and (10) totals 1,500 m in thickness
8. SILICEOUS SILTSTONE MEMBER— Dusky yellow green to olive-black, dense,
flinty rock; parallel stratification inconspicuous
7. PORPHYRITIC ANDESITE MEMBER— Propylitized grayish-green to dark gray
andesite, typified by plagioclase phenocrysts. Nonstratified volcani- 
clastic layers, ranging from fine-grained tuffs to boulder breccias, are 
much more voluminous than intercalated flows; stratified graywacke is 
subordinate. Sparsely fossiliferous. 1,650+ m thick
 Local (?) erosion---
6. FLOW-BANDED RHYOLITE VITROPHYRE MEMBER— Dense, lithoidal vitrophyre,
mostly grayish red and conspicuously laminated; large parts not por­
phyritic; includes sparse lenses of vitric tuff; locally basal 120 m 
is pumiceous tuff. 580-670 m thick
5. BASALT(?) MEMBER— Dense, tough, dark gray, structureless rock. 0-90 m
thick
4. VITRIC RHYOLITE LAPILLI TUFF MEMBER— Grayish-green, friable, hackly
fracturing tuff, in which flattened pumice fragments are abundant in 
shard-rich matrix. 0-52 m thick
3. BASALT FLOW MEMBER— Uniformly fine-grained propylitized flows, devoid of
fragmented materials; each 30 m or more thick, and separated by thin 
lithified soil(?) zones. 250-300 m thick
2. FINE-GRAINED ANDESITE(?) MEMBER— Thoroughly propylitized, very fine
grained, olive to olive-brown rock; part conspicuously to vaguely lami­
nated, part massive and amygdaloidal (?). 275-m interval between members
1 and 2, with only 80 m of strata exposed
1. RHYOLITE TUFF MEMBER— Flinty yellow-brown to brownish-gray vitroclastic
rock, studded with darker fragments that are felted in texture. 6 m 
thickness
 Bottom defined by fault---
Aggregate thickness 
probably more than 4,400 m
294
Road Log
Assemble at the junction (designated Kent Corner on Georgetown Quad) of
U.S. Highway 1 (Newburyport Turnpike) and State 133 by 7 A.M.
Mileage
0.0 Proceed north on U.S. 1 from junction with State 133.
3.8 STOP 1. At south bank of the Parker River, park as far off high­
way as possible. POISON IVY AND POISON SUMAC everywhere, this 
stop. Tide permitting, exposures of the lowest two members of the 
Newbury will be viewed in the salt marshes to the N. The rhyolite 
tuff outcrop (member 1, Table 1), 1,000 feet NW of the Parker 
River bridge, is well preserved considering that it borders the 
Parker River fault zone. Along the SE margin and on top of the 
island 500 feet NW of the bridge, note the variety of textures and 
structures in the fine-grained andesites (member 2, Table 1).
From the parking site, members 3, 4, 5, and 6 (Table 1) can be 
crossed in succession by walking 1,500 feet NE along the south 
bank of .the marsh and then wending a route southward across the 
more prominent outcrops that will come into view. In the basalt 
flows (member 3) note the uniform fine texture, lack of detrital 
materials, and difficulty of recognizing flow boundaries— which 
are usually in the swales. Outcrops of members 4 and 5 are few 
and border the marshy meadow S of the basalt ridge. Flow-banding, 
which becomes wider spaced upward, and intricate slump structures 
are readily seen in the rhyolite vitrophyre (member 6); zones of 
spherulites and lithic tuffs may be crossed. After reaching the 
bluffs that overlook the marshes of the Mill River, a traverse 
along the S margins of the islands that extend E to the junction 
of the Parker and Mill Rivers provides good views of the flows 
that dominate the basal 600 feet of the porphyritic andesite member 
(member 7). Volcaniclastic strata will be dominant higher in the 
member. On the W end of the island, 500 feet SW of the river junc­
tion, two conglomerate beds contain water-worn rhyolite pebbles 
derived from member 6, providing one item of the evidence for an 
overturned section. This conglomerate can be traced NE to Little 
River.
On return to the highway, PLEASE DO NOT INTERFERE with play on the 
Old Newbury golf course.
From parking site, turn around, WITH CAUTION, and proceed S on 
U.S. 1.
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3.9 Low roadcuts on both sides of road (1,500 ft S of Parker River
bridge) are of the rhyolitic lapilli tuff (member 4, Table 1), in 
which many pumice fragments are tabular, as though flattened, but 
shards of the matrix are only slightly compacted.
4.1 Outcrop at entrance of Old Newbury Golf Club is the dense basalt (?)
that intervenes between the rhyolite lapilli tuff and banded rhyo­
lite vitrophyre members. Brown streaking is atypical.
4.1+ High roadcut (2,300 ft S of Parker River bridge) exposes transi­
tion zone at the top of the tuff that here locally constitutes the 
basal 400 feet of the flow-banded rhyolite vitrophyre (member 6).
4.3 Elm St. on right. Bluff 0.2 mile SW, at the junction of roads on
the Governor Dummer Academy grounds, provides an alternate exposure 
for viewing member 6.
4.9 Bridge across Mill River. At low tides, epiclastic strata, common
in the porphyritic andesite member but very friable and not seen 
in proportion to their occurrence, are visible in the streambed 
above and below the bridge.
5.3 Turn left (E) onto Central St. and stop off road as soon as
feasible; leave room for trailing cars.
STOP 2. Intercalated flows and water-laid ash-fall(?) tuffs of 
the porphyritic andesite (member 7). The first reported fossils 
("marine types" comprising "one or more species of brachiopods, a 
species of gastropod, fragments of crinoids, and probably a pelecy- 
pod"— see Emerson, 1917, p. 163) from the Newbury were collected 
here, apparently at the road intersection in rocks now deeply 
buried. Similar thin fossil zones exist in the vicinity, and addi­
tional collections were made in the 1960's; the sites may not be 
accessible now. Note zones of alteration and the differences 
between flows and tuffs.
Continue E on Central St.
5.9 The fault that occupies this topographic saddle separates the north
and south segments of the Newbury wedge farther west. The outcrops 
just ahead, and all those along the route to mile 9.4, are of Tops- 
field Granodiorite, described by Toulmin (1964) at a locality 
7-10 miles to the SW. The pluton, identified as different forma­
tions, has been described as being intrusive into or, alternately, 
as being unconformably overlain by the Newbury— rather than in 
fault contact. The pros and cons of the three interpretations 
will be considered.
6.3 The road to the left (E), if followed NW along the southwest foot
of Ox Pasture Hill (Georgetown Quad) to its end, gives access to 
good exposures of flows and coarse volcaniclastic layers in the 
porphyritic andesite member.













Turn left (N) onto Highway 1A.
At the south edge of the marshes, again cross the boundary fault, 
and again traverse the porphyritic andesite member.
STOP 3. Sedimentary rocks of the porphyritic andesite member.
Park well off road, AVOIDING BOULDERS. The main exposure on the 
west side of the road may not be in place, but it does show bed­
ding structures indicative of bedding-top directions and of the 
kind that can be seen in less accessible localities. Flow tops 
and coarse clastic rocks can be seen on east side of road.
Continue N.
Turn sharp left at next intersection. Porphyritic andesite flows 
that crop out along the next 0.5 mile are petrographically similar 
to those near the base of the member (Stop 1), but are thinner and 
intercalated with much water-laid andesitic material. Here the 
flows are about 3,500 feet above the bottom of the member.
STOP 4. Laharic(?) deposits of member 7. Park so passage is 
possible along this narrow lane; walk 100 ft W along path. Out­
crops at this locality are ephemeral! If outcrops are visible, 
note the variety of clasts, differences in their weathering "rinds," 
and bedding structures or lack thereof. Outcrops of fine-grained 
graywackes at water's edge, 500 ft NW and across the marsh, display 
both cross-lamination and graded bedding, which indicate an over­
turned section with tops facing SE.
Turn right (SW) at town line marker and follow "track" past dump 
area.
STOP 5. Micrographic rhyolite intrusion. Cross railroad, turn 
right (N), and PARK WELL CLEAR OF PASSING TRAINS. The rock in the 
cut just to S is smoke smudged and somewhat etched by train fumes, 
but otherwise is representative of the intrusive rhyolite that 
occurs as podlike bodies disposed subparallel to stratification at 
various horizons in the Newbury. In some of the rock, minute 
spherulites can be discerned with a lens. Under the microscope, 
these spherulites are micrographic, as is part of the matrix.
Continue N along railroad— SLOWLY— WATCH FOR AXLE-BREAKING HOLES.
The rhyolite-pebble conglomerate noted at the junction of the Mill 
and Parker Rivers occurs in low outcrops in the marshes SW and NE 
from here, but is between compacted andesite tuffs rather than 
flows.
These railroad cuts through Kents Island are smudged outcrops, un­
satisfactory for viewing, of the flow-banded rhyolite vitrophyre 
(member 6). Outcrops farther east can be viewed easily, and some 
include lenses of crystal-lithic rhyolite tuff. The round hill to 











glacial pavement at grass-root depths. If the turf is breached at 
certain localities on the north slope, one might be able to view 
spherulites as much as 2 cm in diameter (the "frog-eyes" of local 
jargon). These occur sporadically along one or two zones, about 
at midsection, throughout the outcrop length of the vitrophyre 
member.
Turn left (W) onto Hay St. and park 0.1 mile W along roadcut in 
granitic rock.
STOP 6. Parker River fault. This breccia of quartz monzonite 
marks the north border of the fault zone that truncates the Newbury 
and everywhere defines its north boundary.
Continue NW on Hay St.
Road on left (S) provides access to Kents Island, home of the late 
novelist, J. P. Marquand.
At junction, continue left (W) onto Boston St.
Turn left (S) after stop onto U.S. 1.
Turn right (W) at Dodge Comer (see Georgetown Quad) onto Wethers­
field St., which here roughly follows the fault that separates the
north and south segments of the Newbury wedge.
STOP 7. Siliceous siltstone (member 8). Follow path S 200 ft to 
small purplish-black outcrop. Exposures of this member are very 
few. Most are much lighter colored— commonly yellowish green— than 
this outcrop.
Drive W 0.15 mile to road intersection; turn about and return to 
U.S. 1.
Turn right (S) onto U.S. 1.
STOP 8. Calcareous mudstone (member 10). Pull well off highway
onto right shoulder. Walk across highway onto ungraded road. 
Exposures are on this road and in the field to N. The large ostra­
codes (leperditiids) that are a characteristic of this member are 
seen most readily on parting surfaces of slabs that have been 
recently uprooted and weathered a few months to facilitate 
splitting.
Continue S on U.S. 1.
STOP 9. Red mudstone (member 9). Turn left across highway and 
park in open area (800 ft N of intersection of Linebrook Rd. and 
U.S. 1). The quarry face to the E is the only known outcrop of the 
member. Elsewhere, the red micaceous mudstone seen here occurs as 
concentrations of shaly or flaggy detritus in the soil or of friable 
erratics distributed to suggest that the member may be several
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hundred feet thick. Chips of the yellowish-brown, medium- to 
coarse-grained sandstone, found here as lenses, can be seen in 
soils elsewhere; but the andesitic(?) pebbles, cobbles, and 
flow rock seen toward the north end of this outcrop have not been 
recognized elsewhere.
END OF TRIP
For those interested in additional aspects of the Newbury, the follow­
ing short traverse is appended. This can be started at the next intersection 
to the S or be followed in reverse from the assembly point at Kent Corner.
0.0 Turn west off U.S. 1 onto Linebrook Rd.
0.4 Junction Linebrook Rd. and Leslie Rd., turn right (N).
STOP 10. The rim of the bluff just to NE of this intersection ex­
poses outcrops more typical of the micrographic rhyolite intrusions 
than the outcrop seen at Stop 5.
Continue N on Leslie Rd.
0.9 At junction, turn left (NW) onto Ellsworth Rd. In this area the
upper part of the porphyritic andesite member is exposed. In 
general, this part includes fewer flows and more mudstones and 
sandstones than lower parts of the member.
1.0 Ledge to right (N) is Pulpit Rock.
1.2 STOP 11. Much variety of andesitic rock types can be seen from
this locality: crystal-lithic tuffs and comparable flow rock to 
the E at Pulpit Rock (0.2 mile to the N, coarse breccias of similar 
rock make up the clasts in boulder conglomerate); highly amygdaloi­
dal but coarsely porphyritic rubble— once probably a glassy flow—  
is exposed behind the ruined buildings to the north; and fine­
grained flows interlayered with andesitic mudstones occur on the 
wooded nose 500 ft to the NW. Certain of these rusty-weathering 
mudstones have yielded abundant macrofossils.
Continue W and N along Ellsworth Rd.
1.7 Junction with Leslie Rd. Continue N.
1.8 Road junction, stay right. Cuts made during home constructio
ahead on left have provided good exposures of coarse andesite 
breccias.
2.0 Junction with Haverhill St. (State 133); turn right (E). Glacially
smoothed knob just E of junction shows in detail the contacts
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between layers of various breccias, tuffs, and flows of the por­
phyritic andesite member; and, before the houses were built, flow 
borders indicative of east-facing strata tons could be seen.
2.5 At times, depending on the state of quarrying in the gravel nits
to to the N along this interval, large erratics of andesite that in-
2.9 elude seams of fossiliferous mudstone are left behind. These
rather friable erratics probably are not far from source. The 
contained fossils are comparable to those collected near Stop 11
common .y better preserved. Several collections made from these 
pits by N. P. Cuppels (1967) proved very useful supplements to the 
collections found in place. Furthermore, Cuppels discovered all 
of the sites away from the original Glen Mills site that are noted 
in this log, and made collections that have confirmed and somewhat 
more narrowly defined the Silurian-Devonian age of the Newbury.
3.2 Junction with U.S. 1— assembly point.
Those who wish to exit north can traverse State 133 west to U.S. 95 or 
can follow U.S. 1 north. U.S. 1 is the best route south.
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